Abstract Nowadays, progress is constant and inherent to a living society. This may occur in different arenas, namely in mathematical evaluation and healthcare. Assistive technologies are a topic under this evolution, being extremely important in helping users with diminished capabilities (physical, sensory, intellectual). These technologies assist people in tasks that were difficult or impossible to execute. A common diminished task is orientation, which is crucial for the user autonomy. The adaptation to such technologies should require the minimum effort possible in order to enable the person to use devices that convey assistive functionalities. There are several solutions that help a human being to travel between two different locations, however their authors are essentially concerned with the guidance method, giving special attention to the user interface. The CogHelper system aims to overcome these systems by applying a framework of Speculative Computation, which adds a prediction feature for the next user movement giving an anticipation ability to the system. Thus, an alert is triggered before the user turn towards an incorrect path. The travelling path is also adjusted to the user preferences through a trajectory mining module.
Introduction
Cognitive disability is a broad concept which includes different intellectual or cognitive deficits. These deficits may be present from birth (like birth defect) or may be acquired later (like traumatic brain injury). More precisely, this term is used to define a person who has more difficulties in one or more types of mental tasks when compared to an ordinary person [19] . A disability may be present in several levels of incidence, varying from mild to extreme. An individual with severe or extreme cognitive disabilities needs constant assistance throughout his everyday life whereas a mild to moderate disabled person may be capable of having an independent life, only requiring some assistance in certain activities, which may be provided by a caregiver or a technological system.
Assistive technology aims to increase, maintain or even improve functional capabilities of a person with disabilities [1] . A mental task commonly affected is orientation, which is imperative for an independent life. Thus, it is necessary to have technologies that assist the user during his travel between home and office/school. Using an orientation device the user is sufficiently autonomous to travel between his current location to a predefined destination. Current approaches focus essentially on the guidance activity, giving more attention to the information display and to the communication with a caregiver [5, 12, 9] . In order to be capable to correctly use such applications there is the need of a training period in which the person with cognitive disabilities has to lear how to use the application. It has been proven that, despite the type of cognitive loss, a person may learn how to use different types of technology [8] .
This work proposes an orientation system for the early stages of cognitive disabilities (mild and moderate) that, besides guiding the user, tries to anticipate possible mistakes. An alert is triggered when the user is expected to make a wrong turn in his path. In order to adapt the system to the user it is also included a trajectory mining feature so it is possible to calculate a path that is preferred by the user (which may not be the shortest one).
This paper is organized as follows. Section 2 presents related work concerning orientation systems for people with cognitive disabilities. Section 3 provides a description of the orientation system giving emphasis to new developments on the Speculative Module and Trajectory Mining Module. The Speculative Module that hosts the framework for Speculative Computation is explained in Section 4. On Section 5 the Trajectory Module used to get a path according to the user's preferences is described. Finally, conclusions are drawn and future work considerations are made in Section 6.
Related Work
The technological development of smartphones brought more portability to the user since it became possible to execute applications in small and portable devices. These devices are specially important to people with cognitive disabilities since it is through them that the user may contact his caregiver. In order to execute an application to guide the user, the developers have to pay special attention to the interface [8] . This must be simple to understand and to interact with, otherwise the developed application may have a low acceptance degree due to the necessary cognitive effort to use it.
The works described in [12] , [5] and [9] are examples of three different orientation methods for people with cognitive disabilities. In these examples the main goal is to guide a person outdoors from the current location to a predefined destination. The difference between them resides in how this is done, but all are particularly focused on the user interface. Thus, they lack the predictive capabilities which would allow them to anticipate wrong user actions and apply necessary measures to avoid them, and the capability of adjusting the path to user preferences. Despite the importance of such applications to people with cognitive disabilities, this research area has received little attention from the academic and industrial community. Thus, as far as we know, there is not any recent work considering this investigation topic.
With the goal of guiding cognitive disabled people and considering the systems interface, Carmien et al. [5] developed an application that enables the user to travel using a public transportation system reducing the effort needed to understand complex transportation maps (Figure 1 ). On each bus a GPS unit was installed and its coordinates were transmitted to a remote server. Using the information from the server the system would be able to select the bus that the user should take in order to reach the intended destination. While the user is travelling, a personal travel assistant ensures that the user has taken the correct bus, alerting him otherwise.
Liu et al. [12] focused their research on the display of instructions ( Figure 2 ). They used static pictures with overlaid arrows (or highlighted areas in an image), audio and/or visual messages to guide the user (Figure 2a) . Their objective was finding the best way of providing the directions to the user using either static pictures reflecting user perspectives with landmarks that are easy to find or visual/audio messages whenever an image is not available (Figure 2b ). According to the necessary travelling distance the authors discovered that a distant landmark should be more useful since it could be used for a longer time while closer landmarks needed to be replaced more often according to the user movements.
A different approach was used by Fraunhofer Portugal in the AlzNav orientation system [9] . This system used an arrow that resembles a compass to guide the user (Figure 3 ). This arrow rotates according to the direction in which the mobile device is pointed. Thus, the user has to interpret the information presented on the device's screen. Besides the compass, the user has also information about the street he is and the distance he should travel in the calculated direction. This system has also a monitoring system enabling caregivers to know the current position of the user through a SMS. A "safe area" may also be [5] set by the caregiver in where the user may travel alone and an alert is only triggered when he goes out of it.
The previously presented approaches tackle some important aspects of orientation systems for people with cognitive disabilities. However there are some features that should be considered in order to make the system adaptable to the user and not the other way around. Predicting user steps is a big advantage for this type of system since it is possible to identify critical points in a certain path, i.e., identify points where the user takes the wrong path and alert the user before he makes a mistake. If the system is able to predict when an error will occur, it can issue an alert to the user reinforcing the right path. Another important feature is the ability to adjust the path to the user since he may prefer to travel for a longer but preferred path instead of taking the shortest one. These are the kind of features proposed in this work. The goal is to develop an orientation system that adapts to the user, maximizing his autonomy and consequently his independence.
System Description
CogHelper is an ongoing project [17, 15, 16] with two main goals: provide an efficient orientation system for people with cognitive disabilities, considered the main user of the system, and provide a tracking system for caregivers. The former is accomplished through an augmented reality interface so users only need to align the mobile device with the correct travelling path in order to see a green arrow indicating the right direction. Here, both the prompting level and the travelling path is adjusted according to the user preferences. The latter enables caregivers to know at any time the current position of the person with disabilities. This orientation system is devised for outdoor and the system architecture is depicted in Fig. 4 , which may be separated in the client-side applications and the server-side components. The former includes the Cognitive Helper Mobile Solution (described in detail in Section 3.1), the Caregiver Applications (Mobile and Web) (described in Section 3.2), and the External Services, which allow the integration of CogHelper with other systems or applications, adding more features/functionalities to it. The latter is divided into the database module, which stores all the information necessary for the correct execution of the system (like usernames, locations and points of interest), the web services, and the remaining module enables the communication between the server and the different services.
The orientation method under development is conceived for outdoors which has been fully described in [14] . The core of the system is considered to be fully developed, i.e., both applications for caregivers (mobile and web), the web services (running on the server) needed in order to ensure communications between applications, the database, and finally the mobile application for the person with cognitive disabilities. At this point of the development this application uses augmented reality for the orientation and the selected path is the shortest one (not being adapted to the user as proposed in this paper).
Application for People with disabilities
The primary target of the CogHelper system is people with cognitive disabilities. Thus, the mobile application intended to this audience is composed by four layers (see Fig. 5 ), each with specific functions. The Information Layer stores the information for the normal execution of the application (like user data and his contacts). In the Localization Layer the current user position is retrieved from the GPS module of the device (or from the network) and is used by the Navigation Algorithm. To this information is added data gathered from the device sensors, like the camera, magnetic sensor and accelerometer (enabling the system to compute the device's direction), which are used by the decision algorithm to ensure the user is . All information is then presented to the user through the user interface (under the System input/output). For an easier interpretation of the displayed information, the guiding process has an augmented reality interface so the user just has to orientate the device with the correct travelling path in order to view a green arrow pointing the correct path. When the user goes out of the path (even if he does it intentionally) the systems alerts the caregiver that the user may be lost.
A detailed description of previously cited modules is done in [14, 15] . Being an ongoing project, CogHelper is being improved with new modules in order to give the system an adaptability feature. The Trajectory mining and Speculative Module components (depicted in Fig. 5 ) are responsible for the adaptability of the system to the user.
The Trajectory mining component generates a path that is preferred by the user (which may not be the shortest one), i.e., the path is calculated according to the preferences of the user (historic data from previous uses of the application). This path is used as input values of the Speculative Module, which ensures that the user is travelling in the correct path alerting him otherwise. These modules are described in more detail in Section 5 and Section 4, respectively.
Moreover, one cannot exclude the development of additional features, such as the ones described in [6] , in order to detect other user activities, namely fall detection. 
Applications for Caregivers
Caregivers may not be the primary target of CogHelper system but they should not be dismissed. If a caregiver may not know the user status, he may become worried and prevent the user to travel alone and autonomously between two locations. In order to let caregivers be an active part of the orientation system, CogHelper also supports a localization system enabling caregivers to know in real time the current location of the user. This feature enables caregivers to develop a different activity without neglecting the care provided to the user. Indeed, both caregivers and users have their autonomy increased. There are two different applications intended to caregivers, a mobile application for Android OS and a Web application. Developed for two different platforms, these applications have the same goal: provide a localization system. Indeed, these two applications provide a monitoring platform in which caregivers may remotely check the current position of the user. There is no need for the caregiver to be physically with the user. Despite the shared goal, there are some differences between the two. As shown in Fig. 7 the dissimilarity resides under the Monitorization Layer in which the User Preferences module is only present in the Web application. Through this module the caregiver may add, edit or remove user preferences such as his destination points or the available options (giving or denying access, for example, to the option for manual insertion of the destination). These additional features make the Web application more complex.
Despite the previously described difference, the architecture of the applications for the caregivers is divided in three layers: Monitorization Layer, Notification Layer and the System Input/Output. The Watch User Path module allows the caregiver to remotely have access to the current location of the user. The Notification Layer is composed by two modules which receive and generate alerts from and to the user application. The remaining layer is made by the User Interface, that enables the caregiver to interact with the applications, and a communication module to exchange information with the server. Fig. 8 is depicted an example of a path viewed in the mobile and web applications, respectively. On both examples the starting and ending points are marked with different symbols, enabling an easier identification of these locations. When the user is travelling the ending mark does not appear and the map view is updated to show his current location.
Speculative Module for Users with Cognitive Disabilities
The Speculative Module under the mobile application for people with cognitive disabilities has the objective of predicting the next step of the user (when using the orientation system) and use that prediction to set the information that should be displayed to the user (alert/warning or acknowledge messages). The execution of the Speculative Computation resembles an interface between the rules with the instructions for the correct path, the set of default values (predictions about user travels from one location to another, obtained from the trajectory mining module -Section 5), and real information returned by information sources (informing the real journey of the user).
Through the use of this module the system continues its execution using a default value (whenever the real information is missing) or using the real one (returned from the information sources). Thus, the system does not enter an idle state when there is missing information. It tries to generate a tentative solution for the problem, which is revised when the real information is received (to verify if the default value is consistent with the real one). The default values are obtained before the execution of the speculative computation framework from the Trajectory Pattern Mining described in Section 5.
For the execution of the Speculative Computation module the computation changes between its normal execution phase (Process Reduction Phase) and temporarily to a revision phase (Fact Arrival Phase) to revise the computation according to the received values. The initial information, before execution, represented in the Speculative Computation framework includes: 4. A set of rules that structure the derivation of the path the user is likely to follow given the information during execution and the issuing of alerts/warnings in case of a potential mistake;
At the beginning of the computation, when there is no information regarding the actual position of the user and his transitions between the most relevant points, the defaults are used in the Process Reduction Phase to build the most likely path, step by step, and issue the warnings for potential mistakes or acknowledgements of correctly taken steps. A warning is issued whenever a user is likely to take the wrong path, which may happen when the defaults tell the computation that the user will make a transition to a point not included in the correct path. Through Fact Arrival, the GPS sensor and a recognizer inform the Speculative Module of the actual transitions of the user and whether the points are indeed part of the correct path or not. If the user actually moves to a point not included in the correct path, the recognizer re-calculates the path to the destination and a point previously out of the correct path may suddenly become part of the new path. Fact Arrival Phase is the mechanism through which this information is updated and the tentative paths produced for a user are adjusted and improved.
Items 1, 2, and 3 from the list above are obtained from a Trajectory Mining Module. Item 1 corresponds to the calculation of the possible paths between two points, producing a reduced graph, with only the most relevant points an the connections between them. Item 2 is obtained from the pattern mining of the trajectories usually taken by the user, reflecting his walking habits. Finally, item 3 corresponds to the calculation of the recommended path between the point of origin and the destination, expressed in the form of intermediary points included in the route. It is also stated which points are not included in this route.
The Framework of Speculative Computation in the Orientation Method for people with cognitive disabilities (designed by SF OM ) is defined in terms of the signature Σ, E, ∆, A, P, I [18] , where: -Σ stands for a finite set of constants (an element of Σ is called a system module); -E denotes a set of functions called external predicates. When Q is a literal belonging to an external predicate and S is the identifier of the information source, Q@S is called an askable literal. We define ∼(Q@S) as (∼Q)@S ; -∆ designates the default answer set, which is a set of ground askable literals that satisfy the condition: ∆ does not contain both p(t 1 , . . . , t n )@S and ∼ p(t 1 , . . . , t n )@S at once; -A is a mark of a set of predicates called abducible predicates. Q is called abducible when it is a literal with an abducible predicate;
-P signals a set of rules of the form: H is the head of rule R and is named as head(R) (always non-empty), being R the rule of the form H ← B 1 , . . . , B n ; B 1 , . . . , B n is the body denoted by body(R), that in some situations is substituted by the boolean value true.
-I is a set of integrity constraints of the form: 1. An askable literal Q@S in a rule P stands for a question put to a system module S by OM; and
2. An askable literal in ∆ denotes a default truth value, either true or false, i.e., p(t 1 , . . . , t n )@S ∈ ∆, p(t 1 , . . . , t n )@S is usually true for a question to a system module S, and ∼ p(t 1 , . . . , t n )@S ∈ ∆, p(t 1 , . . . , t n )@S is generally false for a question to a system module S.
As an example, one can consider the graph of Figure 9 , in which the objective is for the user to move from node 1 to node 3. From the Trajectory Mining Module it is possible to know that the user usually moves from 1 to 2, from 2 to 3, but also from 3 to 4, from 4 to 5, from 5 to 6, and from 6 to 3. Additionally, it is possible to determine that nodes 1, 2, and 3 are part of the shortest path, while node 4 is obviously not. However, since the user, when in node 2, usually moves to 4, this is identified during Process Reduction as a point where a mistake may happen and, as a result, a warning is issued. If, during Fact Arrival, it is confirmed the user indeed moves to 4, this node becomes now part of the route and the alternative path including 5 and 6 is selected. Although simple, this example illustrates the role of the Speculative Module in producing instructions for the user and preventing mistakes in his path. Below there is a logic program that represents the formalization of the problem depicted in Figure 9 and the situation described above according to the Speculative Computation Framework for Users with Cognitive Disabilities. Its components include: Σ, a representation of existing system modules responsible for providing information; E, the predicates which represent the necessary information to derive the path of the user; ∆ is the default answer set and consists in a set of default values; A, a set of abducible predicates; and P is a logic program with a set of clauses. In the logic program given below the literal path(a, b) denotes that there is a physical connection between the locations a and b, thus the user may travel between them. The literal show next point is used to indicate that the system must show the next location to which the user should travel. This location may be an intermediate point or the final destination. Whenever the user travels in the wrong direction the literal show user warning is activated indicating to the system that it must alert the user. In the set E there are the predicates user travel(a, b) (which states that the user will travel from location a to location b) and included(a) (to indicate if a location a is part of the route). The values for these predicates are asked from the information sources gps sensor and recognizer, respectively. The former verifies if the user is travelling from point A to B. The latter checks if point B is included in the set of valid locations.
• Σ = {gps sensor, recognizer}
• ∆ = {user travel(1, 2)@gps sensor, user travel(2, 3)@gps sensor, user travel(2, 4)@gps sensor, user travel(4, 5)@gps sensor, user travel(5, 6)@gps sensor, user travel(6, 3)@gps sensor, included(1)@recognizer, included (2) • I denotes the following set of integrity constraints or invariants:
For the Execution of the Speculative Module there are some important definition that must be done. During its execution the Framework is composed by a Process Set (P S), which represents a set of processes (active or suspended); a set of Already Asked Questions (AAQ) containing the askable literals; and the Current Belief State (CBS) is a set of askable literals. P S expresses all the alternative computations that were considered. The AAQ set is used to avoid asking redundant questions to the sensors. CBS is the current belief state and expresses the current status of the outside world.
A process defined as the tuple GS, OD, IA, AN S in which GS is a set of extended literals and called a Goal Set, expressing the current status of an alternative computation; OD is a set of askable literals called outside defaults, which denote a set of assumed information about the outside world during a computation; IA is a set of negative literals or abducibles called inside assumptions that stand for the values assumed during a computation; and AN S is a set of instantiations of variables in the initial inquiry.
At the beginning of the computation there is only an active process defined as {guide (1, 3) , ∅, ∅, ∅} ; AAQ is empty, since any question was asked to the sensors; and CBS is equal to the default values set. According to the definition described in [16] the computation enters in the Process Reduction Phase, in which it follows a set of rules in order to derive the next action. This is an iterative process where the set P S and AAQ are changed according to the computation state. After questioning the information source the computation uses default values and keeps its execution. When the information source returns the real value the CBS set is updated (if necessary) and the computation is revised, entering temporarily in the Fact Arrival Phase. In this phase, if the assumed default value is in accordance with the received one the computation continues, otherwise it is revised and processes using the default value enter in the suspend mode while suspended ones may be started. Then, the framework goes again to the Process Reduction Phase continuing the iterative process until there is no processes to reduce.
Trajectory Mining Module
Advances in mobile computation (e.g., smartphones) and in location-acquisition methods (e.g., GPS module) enabled the gathering of massive spatial trajectory data, which, in turn, has raised the interest of researchers in trajectory data mining [21] . According to [7] there are three important attributes when considering Behavioural Pattern Mining: location, trajectory and behaviour. The first attribute considers the extraction of important user locations (like home or office). The second one considers the trajectory modeling through the extraction of regular routes. The last attribute emphasizes the extraction of behavioural patterns. Thus the system may be able to predict the user's destination through his current path. By applying trajectory data mining we may get a preferable user path and use it as input of the previously described module of Speculative Computation.
Through active recording (the user location is logged only when the application is running) it is possible to obtain the position of the user. However there are a few steps that precede the trajectory pattern mining like trajectory data preprocessing and trajectory data management [21] . For the mining module operation it is important to consider the existence of user historic data. When the user is using CogHelper for the first time (thus, there isn't any information about his travelling habits) the system calculates the shortest path and uses it as input for the speculative computation module in order to guide the user. When there is available information about the user, the mining module extracts similar routes according to the current user location and the intended destination and use them for the trajectory pattern mining. Ending this process the data is sent to the speculative computation module (as default values) so the system is able to guide the user. Before applying the pattern mining the retrieved data need to be preprocessed. An illustration of this process is presented in Figure 10 .
Data Preprocessing
In a first step (trajectory data preprocessing) it is important to remove the noise from each collected position (Figure 11a is an example of raw data collected during a travel). There may be points that may appear outside the travelled route (due to a bigger GPS error), which should not be considered for the trajectory data mining (Figure 11b ). To this step there are several on-line tools with map matching features (in our case we are using GraphHopper Map Matching API [11] ). Then, since collected locations represent a large number of samples, it is important to remove excessive data, i.e., points that do not bring useful information like intermediate points in roads without intersections. After this process, the remaining data should represent locations on a map that may appear slightly outside the road. Thus, a map matching process is necessary in order to align the collected data with the existing real maps.
Ending this preprocessing stage and before starting the trajectory data mining process, the system has to obtain similar routes (e.g., travel paths with the same destination and a similar starting point). Thus, instead of using all routes for this stage, the system selects the similar routes (or similar route parts) through similarity/distance functions. When, for a user, there is no route for an intended destination the system selects the shortest path.
Trajectory Mining
Finally, the trajectory data mining may begin. For this process there are different types of pattern mining. The described process may be considered as a standard for the use of trajectory data mining, however there might be some derivations of it. According to its own purposes an author may adapt this standard for his algorithm or system.
In [10] the authors consider a trajectory pattern as a set of individual trajectories which share an identical sequence of visited places. For their trajectory pattern mining in an initial stage the authors try to get a set of regions of interest (which is possible by different approaches) and then the authors try to define the trajectory patterns. Giannotti et al. intend to apply their trajectory pattern mining in the analysis of traffic flows. An extension of this work is presented in [13] in which the authors make use of all trajectories saved on the database to construct a predictive model in order to be able to predict the user's (or object's) next move (e.g., predict where the user will be when the GPS module is temporarily unavailable).
A different approach is applied in [2] . Here the aim is to automatically obtain the frequent moves, neglecting the time at which they occur. To the authors a trajectory is an ordered list of stops and moves, i.e., the user moves between two places (considered as stops) in which he stays for a given time interval. For their purpose the authors intend to discover the pattern of moves between two places usually done by the users regardless of the intermediate points (e.g., the streets or roads used). Using this data Alvares et al. could obtain answers for questions like the most frequent stops during a period of time, which stops have a duration higher than a predefined threshold, among others.
Chen, in [7] , proposed a model in which after the geo-coordinates extraction, a tree-based hierarchy graph is built. Through this the author intends to apply hierarchy density clustering algorithms like OPTICS [20] to find patterns in the recorded data. The OPTICS algorithm [20] has been used for mining people's life pattern using GPS log data. This is an algorithm that tries to find density-based clusters in the spatial data [4] . For this process a distance metric between location points is required in order to group the data into clusters.
Considering the different models and their application our goal is to define the best strategy to apply in CogHelper. According to our research and considering the goal for each method/algorithm, we consider that OPTICS will be the most appropriate for our system.
Conclusions and Future Work
This work defines how a trajectory mining method could be used to adapt the path to the user by producing a set of default values. These values are considered to be the predictions for the directions that the user should follow in order to travel between his current location to the intended destination. The trajectory mining module process uses data from previous executions of the system, which are used to obtain the best travelling path (according to user preferences) and critical points, such as intersections in which the user may take the wrong turn. Through this set of default values the Speculative Computation module is used as a mechanism that determines if it is necessary to issue an alert or not. The integration of these two modules are the main contribution of this work. The speculative framework is independent of how the trajectory mining is achieved using the calculated values to ensure the correct travel. A structured reasoning method is provided through the combination of these modules. After preprocessing the data, it is possible to apply different trajectory mining techniques. Our future goal is to determine the most appropriate one for the problem.
In order to better perceive the advantages and disadvantages of CogHelper, a comparison with different systems (presented in Section 2) should be conducted. However this may not be an easy task since CogHelper has an adaptability feature that is not present in other systems. These systems are mainly focused on the user interface (on how the information should be available to the user) and do not adapt the travelling path to user preferences.
As future work, user privacy issues will be considered by taking into account the work developed in [3] .
